Background: Previous epidemiologic studies found inconsistent results for the association
Introduction
Meat may be involved in bladder carcinogenesis via several biological mechanisms (1) . One possible mechanism involves the formation of endogenous nitrosamines from heme contained in fresh and processed meat (2) . Nitrosamines have been shown to cause a wide range of tumours, including cancer of the bladder, in over 40 animal species (3) . Intake of red meat (the most important source of heme iron), has shown inconsistent results with bladder cancer in epidemiological studies (4) (5) . A recent study have shown an positive association between dietary nitrite form processed meat and bladder cancer risk (6) . The aim of the present study was to examine the association between red meat intake, dietary nitrosamines (endogenous and exogenous), heme iron intake and bladder cancer incidence in the European Prospective Investigation into Cancer and Nutrition (EPIC).
Material and Methods
EPIC rationale and details were described elsewhere (7) . Briefly, the EPIC study involves more than a half million people from 23 centres in 10 European countries. A lifestyle questionnaire was used to collect information about socio-demographic characteristics, lifestyle factors and medical history. Dietary data collected by validated country-specific questionnaires recording the usual diet over the previous 12 months (8) were used to estimate red meat intake (fresh and processed meat). NDMA (N-Nitrosodimethylamine, the most available exogenous nitroso compound) and ENOC (endogenous nitrosocompounds) (µg/day) was obtained from previous estimation in the EPIC-EURGAST study (9) . Published information on measured values of different types of meat (10, 11) was used to estimate heme iron. The proportion of heme iron from total iron was 65% in cooked beef, 39% in pork and chicken, and 26% in fish. For those foods with mixed composition of meat (beef and pork) we applied an average factor.
After a mean follow-up of 8.7 years, 1,049 bladder cancer cases were identified. Bladder cancer ascertainment was described previously (12) . We excluded 6,220 individuals without dietary or non-dietary exposure information and 3,220 participants with implausible dietary data (below or above 3 SD sex-specific log of mean energy intake). We also excluded 3,500 individuals with an extreme heme iron intake (>4 mg/day). After the exclusion we had a sample of 481,419 subjects, of which 1,001 subjects developed primary bladder cancer. Other variables such as occupational exposures were defined as previously (12) . Proportional hazards models were used to estimate the association between meat intake, nitrosamines (NDMA and ENOC) and heme iron and bladder cancer risk. The time scale was age; the entry time was age at recruitment and the exit time was, for cases, age at first bladder tumour and for non-cases, age at death or last complete follow-up. All models were stratified by age, sex and center and adjusted for educational level (none, primary school, technical/professional school, secondary school, longer education and unknown), BMI (as continuous variable), smoking status (never, former and current), lifetime intensity of smoking (for current smokers, <20 cigarettes per day and >20) and time since quitting (for former smokers, <10 years and >10 years) and total energy intake. The Statistical Analysis System version 9 (SAS Institute) was used for analyses.
Results
In multivariable models, the HR for highest vs. lowest quartile of intake was 1.15 (95% CI: 0.90-1.45) for read meat; 1.12 (95% CI: 0.89-1.42) for ENOC; 1.12 (95 % CI: 0.88-1.44 for NDMA; and 1.10 (95 CI: 0.88-1.39) for heme iron. This lack of association was supported by analyses of continuous variables. (Table 1) No differences were observed when fresh and processed red meat were assessed separately (data not shown). Calibration of dietary variables did not change our findings (data not shown), Furthermore, similar findings were found when stratifying bladder cancer cases by risk of progression (13). There was no association between heme iron and bladder cancer risk within strata of sex (male vs. female), tobacco smoking (never, former, current) and occupational exposure (high vs. low risk) ( Table 2 ).
Discussion
In this prospective study, we found no overall association between intake of red meat (fresh and processed meat), nitrosamines, or heme iron and bladder cancer risk. The results did not vary by sex, risk of progression, smoking status or occupational exposure (high vs. low risk).
Although there was no association between the intake of red meat and bladder cancer risk in a previously published analysis in EPIC (14), it does not preclude an association with certain aspects of meat intake, such as its content of heme iron, or nitrosamines. However, we were not able to find an association with any particular meat-related compound.
To our knowledge this is the first prospective study of heme iron intake and bladder cancer risk. The strengths of this study include its large size, prospective design and inclusion of potential confounding variables.
In summary, our findings do not support the hypothesis that red meat and meat-related compounds are associated with the risk of developing bladder cancer. Considering the 
